Abstract. cFLIP is a key regulator of the anti-apoptotic mechanism and its association with FAS-mediated apoptosis has been widely studied and well documented. However, the equipoise between its two isoforms i.e. the long isoform cFLIP(L) and the short isoform cFLIP(S) during FAS-mediated apoptosis remains to be revealed. Therefore, the present study aimed to investigate the regulatory effect of these isoforms on FasL-mediated apoptosis in renal carcinoma. Our results revealed that FasL treatment to Caki cells induced the expression of cFLIP(S) and downregulated the expression of cFLIP(L) in a concentration-and time-dependent manner. Furthermore, our results indicated that cell death receptor-mediated apoptosis inducers such as TNF-α and TRAIL, induced apoptosis in Caki cells along with downregulation of cFLIP(L), however, they had no effect on the expression of cFLIP(S). In addition, FasL-mediated cFLIP(L) downregulation was prevented by pan-caspase inhibitor (z-VAD-fmk), however pan-caspase inhibitor did not have an effect on FasL-induced cFLIP(S) upregulation. Furthermore, FasL induced upregulation of the expression of cFLIP(S) at the post-translational level. Furthermore, pretreatment of Caki cells with ROS scavengers (N-acetylcysteine and glutathione) prevented the downregulation of cFLIP(L), the upregulation of cFLIP(S) and apoptosis induced by FasL. Collectively, these data indicated that a novel pathway of cFLIP(L)/(S) differential expression pattern was associated with FasL-induced apoptosis and modulated by ROS generation.
Introduction
Apoptosis is defined as a programmed cell death which is responsible for the maintenance of tissue homeostasis during normal physiological as well as pathological conditions. There are a variety of cell surface receptors that contribute to the regulation of the apoptosis mechanism, for example, surface immunoglobulin, T-cell antigen receptor, and tumor necrosis receptor (1) (2) (3) . Among these surface receptors, Fas belongs to the tumor necrosis factor (TNF) receptor family of death receptors and is able to initiate the apoptosis pathway through binding to specific death ligands of the cells which include, Fas ligand (FasL), tumor necrosis factor-α (TNF-α) and Fas-specific monoclonal antibody CH11 (mAb CH11) (4, 5) . Fas-mediated apoptosis is believed to play a crucial role in cytotoxic T-cell and natural killer cell-mediated apoptosis in cancer, as their activation leads to the expression of Fas ligand on the cell surface which eventually induces apoptosis in targeted cancer cells (6) (7) (8) .
The induction of apoptosis by Fas is sophisticated and it starts with the formation of the death-inducing signaling complex (DISC) which acts as the cellular switch for the apoptosis pathway. However, the DISC formation initiates right after the interaction of FasL to Fas, followed by the aggregation of receptor molecules and the recruitment of the Fas-associated death domain (FADD), through the death domain interaction. Furthermore FADD contains a death effector domain that leads to the recruitment of pro-caspase-8 resulting in the formation of a multimeric protein complex and the activation of caspase-8 (9, 10) .
Conversely, there are several proteins that have a regulatory effect on Fas-mediated apoptosis, which when activated, suppress the apoptosis pathway induced by Fas. Among these, a key protein that regulates Fas-mediated apoptosis at DISC level, is cellular FLICE-like inhibitory protein (cFLIP). cFLIP interferes with caspase to prevent the cleavage and activation of caspase (11) . cFLIP has been extensively studied for its anti-apoptotic potential and is found to be expressed in various cancer cells, for example, ovarian, colon, glioblastoma, breast, colorectal, renal and prostate cancer in a considerable amount where it is found to cause TRAIL resistance (12) (13) (14) . Furthermore, cFLIP has been reported having 11 distinct splicing variants, three among which are expressed predominantly i.e. cFLIP(L), cFLIP(S) and cFLIP(R) (12, 15) . Apart from the other two variants, cFLIP(L) has gained attention in the scientific community as a major variant involved in the blockage of caspase-8/10 activation. However, comprehensive studies on cFLIP(L) revealed that it had binary function, for example, ectopic overexpression of cFLIP(L) inhibited the activation of caspase-8 and ectopic expression equivalent to endogenous cFLIP(L) was found to promote caspase-8 processing in HeLa and MCF cells (16, 17) . Therefore, the role of cFLIP(L) soon became controversial. Furthermore, despite the fact that cFLIP(S) also plays an important role in Fas-mediated apoptosis, cFLIP(S) remains neglected, with few exceptions (18, 19) . These observations were the motivation behind the present study.
In the present study we examined the regulation of both isoforms of cFLIP (long and short) during Fas-mediated apoptosis in renal carcinoma cell lines and revealed that both isoforms are differentially regulated during Fas-mediated apoptosis at the translational level, however this expression was unaffected at the transcriptional level.
Materials and methods

Cells and materials.
Caki-1 cells were obtained from the American Type Culture Collection (ATCC, Manassas, VA, USA). The culture medium used throughout these experiments was Dulbecco's modified Eagle's medium (DMEM; WelGene, Inc., Daegu, Korea), containing 10% fetal bovine serum (FBS; WelGene), 20 mM HEPES buffer and 100 mg/ml gentamycin. Anti-Fas antibody (human, activating) clone CH11 (1:5,000; 1:2,500; 1:1,000; cat. no. 05-201) was purchased from EDM Millipore (Darmstadt, Germany). Anti-caspase-3 (1:700; cat. no. ADI-AAP-113) and anti-c-FLIP (1:700; cat. no. ALX-804-961-0100) antibodies were purchased from Enzo Life Sciences (Farmington, NY, USA). Anti-PARP antibody (1:700; cat. no. 9542S) was purchased from Cell Signaling Technology (Beverly, MA, USA). Other chemicals were obtained from Sigma-Aldrich (St. Louis, MO, USA).
Western blotting. The cells were washed with cold PBS and lysed on ice in 50 µl of lysis buffer (50 mM Tris-HCl, 1 mM EGTA, 1% Triton X-100, 1 mM phenylmethylsulfonyl fluoride, pH 7.5) (20, 21) . Lysates were centrifuged at 10,000 x g for 15 min at 4˚C and the supernatant fractions were collected. Proteins were separated by SDS-PAGE and transferred to an Immobilon-P membrane (GE Healthcare Life Science, Marlborough, MA USA). Specific proteins were detected using an enhanced chemiluminescence (ECL) western blot kit (EMD Millipore) according to the manufacturer's instructions.
Cell count and flow cytometric analysis. Cell counts were performed using a hemocytometer (Marienfeld-Superior, Lauda-Königshofen, Germany). Approximately 0.4x0 6 Caki cells were suspended in 100 ml of PBS and 200 ml of 95% ethanol were added while vortexing. The cells were incubated at 4˚C for 1 h, washed with PBS and resuspended in 250 ml of 1.12% sodium citrate buffer (pH 8.4) together with 12.5 mg of RNase. Incubation continued at 37˚C for 30 min. The cellular DNA was then stained by applying 250 ml of propidium iodide (PI; 50 mg/ml) for 30 min at room temperature. The stained cells were analyzed by fluorescent activated cell sorting (FACS) on a FACScan flow cytometer (BD Biosciences, San Jose, CA, USA) for relative DNA content based on red fluorescence.
RNA isolation and RT-PCR.
To determine whether the potential sensitizing effects of FasL-mediated apoptosis were a result of increased levels of mRNA encoding cFLIP(L) and cFLIP(S), we compared the levels of cFLIP in Caki cells, which were treated with or without various concentrations of FasL. cFLIP mRNA expression was determined by RT-PCR. Total cellular RNA was extracted from cells using the TRIzol reagent (Life Technologies; Thermo Fisher Scientific, Inc., Waltham, MA, USA). A cDNA was synthesized from 2 µg of total RNA using M-MLV reverse transcriptase (Gibco-BRL; Thermo Fisher Scientific). The cDNA for cFLIP(L) and cFLIP(S) was amplified by PCR with specific primers. The primer sequences for cFLIP(L) and cFLIP(S) were as follows: Sense for cFLIP(L) and cFLIP(S), 5'-CGG ACT ATA GAG TGC TGA TGG-3' and antisense for cFLIP(L), 5'-GAT TAT CAG GCA GAT TCC TAG-3' and for cFLIP(S), 5'-AGA TCA GGA CAA TGG GCA TAG-3'.
Small-interfering RNAs (siRNAs).
The GFP (control) siRNA duplexes used in the present study were purchased from Santa Cruz Biotechnology (Santa Cruz, CA, USA). cFLIP(S) and cFLIP(L) siRNA duplexes were obtained from Invitrogen (Thermo Fisher Scientific). The sequences of cFLIP(S) and cFLIP(L) were AAC AUG GAA CUG CCU CUA CUU and AAG GAA CAG CUU GGC GCU CAA, respectively. The cells were transfected with siRNA oligonucleotides using Oligofectamine reagent (Invitrogen; Thermo Fisher Scientific) according to the manufacturer's instructions.
Statistical analysis. The data were analyzed using a one-way ANOVA and post hoc comparisons (Student-Newman-Keuls) using the Statistical Package for Social Sciences 22.0 software (SPSS, Inc., Chicago, IL, USA). P<0.05 were considered to indicate a statistically significant result.
Results
Effect of FasL treatment on the expression levels of cFLIP(L) and cFLIP(S) in human renal cancer cells. To determine the expression pattern of cFLIP(L) and cFLIP(S) during
FasL-mediated apoptosis, the renal carcinoma Caki cells were treated with various concentrations of FasL (100-500 ng/ml) and then, flow cytometric and western blot analyses were performed to evaluate the apoptosis induction and the expression pattern of cFLIP(L) and cFLIP(S). FasL treatment caused an increase in sub-G1 population in a concentration-and time-dependent manner ( Fig. 1A and D) which was further verified by the PARP cleavage in western blot analysis ( Fig. 1B and E) . The expression of cFLIP(L) was found to be highly downregulated after treatment of FasL. However, the expression of cFLIP(S) was significantly upregulated in a concentration-and time-dependent manner ( Fig. 1B and E) . In addition, there were no changes in either of the cFLIP variants at the mRNA levels ( Fig. 1C and F (Fig. 1G and H ). However, they had no effect on the expression of cFLIP(S) (Fig. 1G and H) .
Role of caspase in FasL-mediated differential expression of cFLIP(L) and cFLIP(S) in human renal cancer cells.
Based on the above mentioned data we observed that FasL-mediated apoptosis differentially regulated the expression of cFLIP(L) and cFLIP(S). Therefore, we determined whether this regulation was dependent on caspase regulation. In order to examine the role of caspase in FasL-mediated differential expression of cFLIP variants, treatment with pan-caspase inhibitor (z-VAD-fmk) was applied which inhibited FasL-mediated apoptosis (Fig. 2A) . Inhibition of caspase prevented the downregulation of cFLIP(L). However, z-VAD did not have an effect on FasL-induced cFLIP(S) upregulation and mRNA levels of cFLIP(L) and cFLIP(S) (Fig. 2B and C) . We examined whether both cFLIP variants play a role in FasL-induced apoptosis. Downregulation of each cFLIP variant by specific siRNA induced increased cell apoptotic populations in Fas L-treated Caki cells, compared with the control siRNA ( Fig. 2D and E) . indicated that proteasomal degradation was not associated with FasL-induced cFLIP expression regulation. In addition, in order to investigate whether the MAPKs pathways were involved in FasL-treated Caki cells, Caki cells were treated with each MAPK specific inhibitor. As displayed in Fig. 3B , FasL-induced cFLIP(S) upregulation and cFLIP(L) downregulation was not inhibited by MAPKs inhibitors treatment. These results indicated that MAPK signaling pathway was not associated with FasL-induced cFLIP expression regulation. Not with standing, we examined whether protein stability was directly associated with FasL-induced expression regulation of cFLIP(L)/(S). In order to investigate this, we treated Caki cells with cycloheximide (CHX), an inhibitor of protein translation. Untreated and FasL-treated Caki cells were exposed to CHX for various time-points and cFLIP(L) and cFLIP(S) protein levels were determined by western blot analysis. As displayed in Fig. 3C , FasL treatment caused much more rapid cFLIP(L) degradation than that of untreated cells. Notably, cFLIP(S) protein levels were maintained until 6 h, and then declined in the presence of FasL and CHX. However, cFLIP(S) protein levels rapidly degraded by CHX treatment alone. Therefore, these results demonstrated that FasL-induced cFLIP(S) upregulation was associated with enhanced stability of cFLIP(S) protein.
Effect of proteasome inhibitors and MAPK inhibitors on the expression of cFLIP(L)/(S) in
FasL-mediated apoptosis and expression regulation of cFLIP are caused by ROS generation.
Recently, Fas death signaling pathway has been reported to have an association with reactive oxygen species (ROS) generation and cFLIP(L) downregulation (22) . Therefore, we examined whether ROS generation could be involved in FasL-mediated differential expression pattern of cFLIP(L)/(S) in Caki cells along with its direct association with FasL-induced apoptosis. As displayed in Fig. 4 , pretreatment with ROS scavengers, N-acetylcysteine (NAC) and glutathione (GSH), markedly blocked FasL-induced apoptosis and attenuated the cleavage of PARP (Fig. 4A and B) . In addition, FasL-mediated cFLIP(L) downregulation and cFLIP(S) upregulation was prevented by NAC and GSH treatment (Fig. 4B) . The RT-PCR data revealed that cFLIP(L)/(S) protein expression levels were not controlled by the transcriptional regulation, as there was no change in cFLIP(L)/(S) mRNA level regardless of whether the cells were treated with FasL in the presence or absence of ROS scavengers (Fig. 4C) . Collectivelly, these data clearly indicated that FasL-induced apoptosis and expression regulation of cFLIP were mediated by ROS generation.
Discussion
In the present study, we explored the differential regulation patterns of two major variants of cFLIP i.e. cFLIP(L) and cFLIP(S) during Fas-mediated apoptosis and found that the short form of cFLIP was upregulated. In addition, this differential regulation pattern of cFLIP(S) was observed at a post-translational level but not at a transcriptional level.
In addition, our data demonstrated that the upregulation of cFLIP(S) was associated with ROS generation.
cFLIP is a well-recognized anti-apoptotic protein and it has been reported that both the principle variants of this protein, cFLIP(L) and cFLIP(S), are able to bind to the death effector domain (DED) region of the adaptor protein FADD along with caspase-8 and 10 (16). However, structurally, cFLIP(S) contains two tandem DEDs and cFLIP(L) contains only one tandem, thus, cFLIP(S) is believed to have a more potent role in the prevention of caspase activation than cFLIP(L) (23, 24) . Although some studies have been carried out to elucidate the role of these variants during death receptor-mediated apoptosis, the expression pattern of both variants and the principle behind their expression remains largely unclear. In order to explore this, we have treated Caki cells with FasL and evaluated the expression pattern of cFLIP(S) and cFLIP(L). We found that FasL treatment caused the downregulation of cFLIP(L) and the upregulation of cFLIP(S) which was concentration-and time-dependent. Furthermore, the differential expression of both variants was observed at a post-translational but not at a transcriptional level. However, as above stated, these variants were able to prevent caspase activation. Therefore we examined their expression level by using pan-caspase inhibitor (z-VAD). Notably, inhibition of caspase prevented the downregulation of cFLIP(L), however, it did not have an effect on FasL-induced cFLIP(S) upregulation. We observed that knockdown of any cFLIP variant induced apoptosis, indicating that both variants were involved in the protection of FasL-mediated apoptosis in Caki cells. However, a study carried out by Chang et al (17) , also revealed a similar expression pattern of cFLIP(S) in MCF cells.
Although, numerous studies have been carried out on Fas-mediated apoptosis which revealed its molecular mechanism from activation to apoptosis, more recent studies have reported the role of ROS in the activation of FasL-mediated apoptosis (25, 26) . Excessive generation of free radicals could cause the damage of plasma membrane integrity resulting in leakage of cellular material which eventually leads to cell death (25) . Notwithstanding, excessive ROS production has been reported to play a role in the activation of caspase (27) and the downregulation the cFLIP proteins (22) . Therefore, in the present study, we examined the role of ROS in Fas-mediated apoptosis and expression of cFLIP(L) and cFLIP(S). As expected, FasL treatment exhibited ROS-mediated apoptosis which was markedly blocked by the treatment of ROS scavengers NAC and GSH. The differential expression of cFLIP isoforms was also the result of post-transcriptional regulation, suggesting that cFLIP(S) expression is associated with the generation of ROS.
In conclusion, we revealed that FasL treatment caused downregulation of cFLIP(L) and upregulation of cFLIP(S). However, the upregulation of cFLIP(S) was not associated with apoptosis, instead the knockdown of cFLIP(S) eventually triggered FasL-mediated apoptosis. Furthermore, this differential expression of both variants was the result of post-transcriptional regulation and was highly associated with the generation of ROS in Caki cells. In the present study although we revealed the divergent expression of cFLIP(L)/(S), there is still a strong need to explore the precise mechanism of the expression of cFLIP(S) during FasL-mediated cell death which may provide some insight to this complex apoptotic mechanism.
